Background and Objectives: Patients with oral squamous cell carcinoma (OSCC), a common malignancy in Asian countries, have a poor prognosis. We investigated the role of Krüppel-like factor 17 (KLF17) and its prognostic significance in OSCC. Materials and Methods: KLF17 expression was measured by immunohistochemical staining of specimens from 283 patients with OSCC. We analyzed correlations between KLF17 expression and clinicopathologic features and between KLF17 expression and overall survival. The prognostic value of KLF17 was tested using Kaplan-Meier analysis and Cox proportional hazard models. Results: Among the 283 patients, high KLF17 expression was significantly associated with an early OSCC stage and low T-value (p = 0.033 and p = 0.036, respectively). The five-year survival rates were better in patients with high KLF17 expression than with low expression (66.5% and 49.6%, respectively). The prognostic role of KLF17 was further confirmed through multivariate analysis (hazard ratio 1.506, 95% confidence interval 1.034-2.191, p = 0.033). The prognostic value was more significant in patients with a history of betel quid chewing or with a low T-value. Conclusions: High KLF17 expression can serve as a marker for a favorable prognosis in patients with OSCC. The prognostic role of KLF17 is more significant in patients with a history of betel quid chewing or a low T-value.
Introduction
Oral cancer is one of the most common malignancies in the world. In 2018, an estimated 354,864 new cases of lip and oral cavity cancer were diagnosed worldwide and 177,384 cancer deaths were recorded [1] . According to previous studies, oral squamous cell carcinoma (OSCC) accounts for approximately 90% of oral cancer cases. If OSCC is detected at an early stage (T1), the patient survival rate can be as high as 80%, but if caught at an advanced stage (T3-T4), the survival rate drops to from 20% to 30% [2] . Therefore, the identification of new and specific biomarkers for the early diagnosis of oral cancer is an urgent need [3] [4] [5] [6] . These biomarkers can contribute to clinical decision making and increase survival rates in patients with early-stage oral cancer.
Krüppel-like factor 17 (KLF17), a new member of the Krüppel-like family of transcription factors, is encoded by the human KLF17 gene, which maps to chromosome 1p34.1 [7, 8] . Krüppel-like factors are highly conserved zinc finger transcription factors that serve as key regulators of critical biological cellular processes, including cell proliferation, differentiation, apoptosis, and migration [9, 10] . Many studies that have focused on the function of KLF17 in tumorigenesis have reported that KLF17 plays a vital role in cancer development [11] [12] [13] .
Some evidence now supports a relationship between the expression of KLF17 and poor survival in human lung adenocarcinoma, hepatocellular carcinoma, gastric cancer, and papillary thyroid carcinoma [14] [15] [16] [17] . However, the biological role and clinical significance of KLF17 in OSCC are still unclear and might not be significant. In this study, we used immunohistochemical (IHC) staining of microarray sections to investigate the expression of the KLF17 protein in patients with OSCC and to evaluate its clinical and prognostic significance.
Materials and Methods

Patients
This study included patients with primary OSCC and no other cancer burden. Our study examined 283 tumor samples from patients with OSCC. The cancers were staged according to the AJCC Cancer Staging Manual. The clinicopathological features collected from the established database included risk factors, histological type, differentiation, and TNM stage. The histological diagnoses had been previously confirmed by two pathologists [18] . Patients with missing data or tissue loss during the IHC staining procedure were excluded from the study to reduce the bias from missing data. The study was approved by the Institutional Review Board and Ethics Committee of the Changhua Christian Hospital, Changhua, Taiwan (2014/10/13, IRB No. 131014).
Immunohistochemical Staining of KLF17
The IHC staining was performed at the Department of Surgical Pathology, Changhua Christian Hospital using anti-human KLF17 antibody (abcam-84196; 1:100 dilution), as described previously [18, 19] . Immunoreactivity was scored by the pathologists using a previously described scoring protocol [19, 20] . The pathologists were blinded to the prognostic data of the study. A final consensus was obtained for each score by having all evaluators view the specimens simultaneously through a multi-headed microscope (Olympus BX51 10-headed microscope). The immunoreactivity scores were defined as cell staining intensity (0-3) multiplied by the percentage of stained cells (0-100%), leading to scores from 0 to 300 [18, 19] .
Patient and Public Involvement
This study analyzed cancer tissues from a delinked database. Therefore, we did not inform or disseminate information to the patients regarding the research project, outcome investigation, or results. The patients were not involved in the study, including no involvement in the design, recruitment, or conduct of the study. No patient adviser was involved for the contributorship statement.
Statistical Analyses
An χ 2 test was applied for the continuous or discrete data analysis. The associations between KLF17 expression and overall patient survival were estimated using univariate analysis and the Kaplan-Meier method and assessed further using the log-rank test [20, 21] . Data on age, gender, smoking, a history of betel quid chewing, and TNM stage were adjusted for potential confounders using Cox regression models of multivariate analysis, with KLF17 expression fitted as an indicator variable. All statistical analyses were conducted using SPSS statistical software (version 15.0; SPSS Inc., Chicago, IL, USA). All statistical tests were two-sided, and values of p < 0.05 were considered statistically significant.
Results
High KLF17 Expression Levels are More Likely in Early-Stage and Low T-Value Patients with OSCC
We verified the relationships between KLF17 expression and the clinical parameters by recruiting 283 patients with OSCC, and we evaluated KLF17 expression by IHC staining of microarray sections ( Figure 1 ). The scores by the pathologists for the intensity of the KLF17 expression in the nuclei revealed that KLF17 expression was significantly associated with tumor stage and T-value. The patients with OSCC with an early stage and a low T-value were more likely to have high KLF17 expression (In stage I, 38.3% of patients had low KLF17 and 61.7% had high KLF17, p = 0.033; when T-value = 1, 40.5% of patients had low KLF17 and 59.5% of patients had high KLF17, p = 0.036; Table 1 ). High expression levels of KLF17 were also more likely in tumors from female than from male patients (high KLF17 expression, 64.4% for females vs. 46.6% for males, p = 0.028; Table 1 ). However, KLF17 expression was not significantly associated with age, smoking, a history of betel quid chewing, tumor differentiation, or N-values.
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Patients with OSCC with Advanced Stage or Low KLF17 Expression Had a Poor Clinical Outcome
We examined the potential prognostic role of KLF17 expression in patients with OSCC. The survival data were collected from 283 patients, and no data were missing. Kaplan-Meier analysis revealed the relationships between patient survival and different OSCC stages (Figure 2A ) or KLF17 expression ( Figure 2B ). Univariate analysis showed that patients with advanced OSCC stage and low KLF17 expression had a poor survival rate (p = 0.029 and 0.011, respectively, Figure 2 ), indicating that low KLF17 expression and advanced stage were significantly associated with poor clinical outcomes (stage: HR = 1.775, 95% CI = 1.062-2.968, p = 0.029; KLF17 expression level: HR = 1.614, 95% CI = 1.114-2.336, p = 0.011; Table 2 ). However, the factors of age, gender, smoking, a history of betel quid chewing, and KLF17 nuclear staining intensity were not significantly associated with prognosis ( Table 2) . 
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KLF17 Expression Level as a Prognostic Tool According to Clinicopathological Characteristics of OSCC
The multivariate analysis also revealed a prognostic role for KLF17 in patients with OSCC and different clinicopathological characteristics. Table 3 shows the multivariate analysis of the influence of various parameters on the overall survival of patients with OSCC, adjusted for age, gender, smoking, a history of betel quid chewing, and TNM stage. In our study population, patients with 
The multivariate analysis also revealed a prognostic role for KLF17 in patients with OSCC and different clinicopathological characteristics. Table 3 shows the multivariate analysis of the influence of various parameters on the overall survival of patients with OSCC, adjusted for age, gender, smoking, a history of betel quid chewing, and TNM stage. In our study population, patients with advanced-stage cancer or low KLF17 expression had a significantly poorer prognosis than did patients with early-stage cancer or high KLF17 expression (stage: HR = 1.738, 95% CI = 1.024-2.951, p = 0.041; KLF17 expression level: HR = 1.506, 95% CI = 1.034-2.191, p = 0.033; Table 3 ). Table 4 shows the multivariate analysis of the influence of KLF17 expression on overall survival after adjustment for age, gender, and TNM stage in the patients with OSCC. Low KLF17 expression was significantly associated with poor prognosis in patients with a history of betel quid chewing, low T-value, and moderate/poor differentiation (in betel quid chewing patients, HR = 2.934, 95% CI = 1.043-8.249, p = 0.041; in low T-value patients, HR = 2.471, 95% CI = 1.076-5.673, p = 0.033; in moderate/poor differentiation patients: HR = 1.547, 95% CI = 1.035-2.311, p = 0.033; Table 4 ). This is evidence that KLF17 expression could be an independent prognostic marker in patients with low T-value tumors, moderately/poorly differentiated tumors, and a history of betel quid chewing, as confirmed by multivariate analysis. This prognostic function of KLF17 was, therefore, significant in patients with specific clinicopathological characteristics. 
Discussion
In this study, we firstly identified that high tumor KLF17 expression is associated with favorable prognosis in patients with OSCC. KLF17 is a member of the Krüppel-like family of transcription factors, which are key regulators of critical biological cellular processes [9, 10] . Recent studies have shown that low expression and inactivation of KLF17 can be due to microRNA expression, gene mutations, or the loss of heterozygosity in human tumors, all of which are involved in tumor progression [8, 11, 22] . Tumors with low KLF17 expression appear to have a higher cell proliferation and metastasis capacity, therefore, patients with these tumors may have a poorer prognosis. By contrast, high KLF17 expression can inhibit tumor growth [12, 14] . Therefore, KLF17 can serve as both a predictor of prognosis and a therapeutic target. Decreased KLF17 expression is already an independent prognostic indicator for most human tumors, and low expression is significantly associated with tumor progression. Low KLF17 expression is observed in most human cancers, including colorectal carcinoma, esophageal carcinoma, hepatocellular carcinoma, lung adenocarcinoma, and gastric cancer [12, [14] [15] [16] 23, 24] .
Clinical studies have shown an association between low KLF17 expression and shorter survival time in patients with lung adenocarcinoma and KLF17 expression is significantly associated with tumor stage and size. The overexpression of KLF17 also inhibits the in vitro growth of the A549 and PC-9 lung cancer cell lines, suggesting a potential role for KLF17 in suppressing tumor growth in lung adenocarcinoma [14] . Reduced expression of KLF17 has been strongly correlated with tumor size, pathological N stage, and lymphovascular invasion in gastric cancer and is also an independent predictor of poor survival in patients undergoing gastric cancer surgery [15] . Liu and colleagues reported that low expression of KLF17 in liver cancer is significantly associated with tumor T stage, lymph node stage, M stage, and portal vein tumor thrombosis [16] , confirming a tumor-suppressive effect of KLF17 and its potential for use as a prognostic indicator in future treatments.
The clinicopathological characteristics and KLF17 gene expression data provided by the present study for a series of OSCC samples allow the evaluation of a potential role for KLF17 in both clinical treatment and prognosis of OSCC. A key finding of our analysis was that the patients with OSCC whose diagnosis occurred at an earlier stage also had a higher survival rate [2] . This observation prompted us to investigate the prognostic role of KLF17 in our OSCC patient population. Overall, a higher KLF17 expression level was associated with several clinicopathological factors, such as female gender and early tumor stage. Kaplan-Meier analysis confirmed the relationship between patient survival based on different tumor stages and KLF17 expression, as patients with advanced stage disease or low KLF17 expression had poor outcomes (Table 3) .
Our multivariate analysis also showed that KLF17 can serve as an independent prognostic marker in patients with low T-value, moderate or poor differentiation, and a history of betel quid chewing (Table 4 ). To the best of our knowledge, this is the first study to indicate that the KLF17 expression level can be an independent prognostic marker for the progression of oral cancer in patients with specific clinicopathological features.
However, our study has some limitations, including the regional source of our cases. Another limitation is that we only investigated overall survival and not relapse-free survival or disease-free survival. Further studies are therefore needed in the future to address these limitations. Nevertheless, our findings do support the likelihood that patients with OSCC tumors with low KLF17 expression have poor clinical outcomes and that KLF17 may be a specific biomarker for evaluating the prognosis of OSCC.
Conclusions
High KLF17 expression in tumor tissue can serve as a prognostic marker for a favorable survival in patients with OSCC. The prognostic role of KLF17 is more significant in patients with a history of betel quid chewing or with tumors with a low T-value. 
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